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Abstract 

We study semileptonic B meson decays B Ki(1270)£+ i~ and ETi(1400)^+ f (i = e, n, r), 
where the strange P-wave mesons, i^i(1270) and -fTi(1400), are the mixtures of the K\a and 
Kib, which are the l 3 Pi and l 1 Pi states, respectively. We show that the ratio Re = B(B — > 
Xi(1400)£ + 1~) I B{B — * Ki(1270)£ + £~), insensitive to new-physics parameters, is suitable for de- 
termining the K\ (1270)— K\ (1400) mixing angle, Bk x - The forward-backward asymmetry shows 
a weak 0k 1 -dependence for B — > Ki(1270)u + u~ , but relatively strong for B — > i"Ti(1400)/x + //~. 
We investigate model-independent new-physics corrections to operators relevant to the b — ► sl + £~ 
electroweak-penguin and weak-box diagrams. Furthermore, for the £ — > Ki(1270)u + [i~ decay the 
position of the forward-backward asymmetry zero, which is almost independent of the value of 9k 1 , 
can be dramatically changed under variation of new-physics parameters. 

PACS numbers: 13.20.He, 14.40.Ev, 13.20.-v,12.60.-i 
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TABLE I: Experimental status of branching fractions (m units of 10 6 ) for the decays B 
K*(892) 7 , Ki (1270)7, K x (1400)7 and B -> i^*(892)£+r [1|. 



Mode 


Exp. (Average) 


Ref. 


Mode 


Exp. (Average) 


Ref. 


K*+ (892)7 
^+(1270)7 
^ (1400)7 
ir*+(892)e+e- 
iT"+(892)^V~ 


40.3 ±2.6 
43 ± 12 
< 15 

i qo+0.69 
i - zo -0.62 

0-78^;|l 


[2, 3, J 
[5] 


K*° (892)7 
if? (1270>y 
if? (1400)7 
i^* (892)e+e- 
iT*° (892)//+//" 


40.1 ±2.0 

< 58 

< 15 

i n+0.30 
i - 11 -0.26 

n qe+0-22 


[2,3,JJ 

M 

lfi.II 

[6, a 



I. INTRODUCTION 

6 — > s transitions in semileptonic and radiative -B meson decays contain rich phenomena 
relevant to the standard model (SM) and new physics (NP). Semileptonic and radiative 
B decays involving a vector or axial vector meson have been observed by BABAR, Belle 
and CLEO (see Table [I]). The rare flavor- changing neutral-current processes, b — > s££, 
which proceed through the electroweak-penguin and weak-box diagrams in the SM, may 
provide a hunting ground to search for the NP effects. For B — > K*(892)£ + £~ decays, 

o n 

the forward-backward asymmetry has been measured by BABAR [7] and Belle [8J. Very 
recently, BABAR ay , 111] has reported the measurements for the longitudinal polarization 



fraction and forward-backward asymmetry (FBA) of B — > K*{&92)£ + £ , and for the isospin 
asymmetry of B° -> K* (892)£ + £~ and B ± -> K* ± (892)£ + t channels. The data may 
hint at the nipped sign(s) of the Wilson coefficients, e.g., the flipped sign of Cy related to 
the magnetic dipole operator. To extract the moduli and arguments of the effective Wilson 
coefficients, it is important to measure various observables in different inclusive and exclusive 
rare processes. These should be considerably improved at LHCb. 

The radiative B decay involving the i^i(1270), the orbitally excited (P-wave) state, 
is recently observed by Belle and other radiative and semileptonic decay modes involving 
l^i (1270) and i£i(1400) are hopefully expected to be seen soon. Some studies for B — > 
K x t+l~ have been made recently 3 13, 14]. Just like B -> K*(%92)£ + £~ decays [l5, 16, 
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17j, [If! [19|, |20|, |2l|, [22|, B -> ifi^+T decays can offer the good probe to the NP, and are 
much more sophisticated due to the mixing of the K\a and Kib, which are the 1 3 P\ and 



l x Pi states, respectively. The physical K\ mesons are K\{Yll$) and ifi(1400), described by 

|2fi(1270))\ / I^ 1A > \ /sin^ cos^ 

_ = M I , with M = 

1^(1400))/ \\K 1B )J \cos6 Kl -sm6 Kl 

The magnitude of 6 Kl was estimated to beW Kl \ « 34° V 57° in Ref. (23|] , 35° < |fl A -J < 55° 



1) 



in Ref. 



24j |. and \0Ki\ = 37° V 58° in Ref. [25(. Nevertheless, the sign of the Qk x was not yet 



determined in these studies. From the study for B — > ifi( 1270)7 and r — > Ki(1270)u T , we 
recently obtain [^j 



9 Kl = -(34 ±13)°, 



(2) 



where the minus sign of 6^ is related to the chosen phase of \Kia) and \K 1B ). We adopt 
the following conventions [26(: f KlA > and /i > 0, which are defined by 



{0\^ 5 s\K 1A {P,X)) 



-ifK 1A m KlA e { ^\ 



(^a^s\K lB {P,\)) = ifk 1B e^ape? x) P?, 



^ = d,u. 



Within the SM, we have predicted 
B[B- -> 
B(B~ -> iff (1400)7) 



ifr(1270) 7 ) = (66H8) x 10- f ' 



(6.5l 



Tflb.pole \ ^ 

4.90 GeV/ 

+12.8\ v 1n -6 ( m b.pole \ ' 

63jXlU U.90 GeV 7 



(3) 

(4) 
(5) 



where m b po i e is the pole mass of the b quark. In the present paper, we study the observables 
for B — > K\£ + £~ decays, including the dilepton mass spectra, decay rates and forward- 
backward asymmetries. We further show that the mixing angle 8k 1 can be determined 
from the B — ► Ki£ + £~ decays. In addition to the study of the Qk x , we also investigate 
the model-independent new-physics corrections to the Wilson coefficients Cj S , c 9 and c w . 
The new-physics parameters can be well constrained by the measurement of B — > K\£ + £~ 
forward-backward asymmetry (FBA), where the position of the FBA zero depends very 
weakly on the value of the 8k 1 - Hence, the position of zero of the differential FBAs depends 
on the underlying new physics corrections. 

This paper is organized as follows. In Sec. [Til we introduce the effective Hamiltonian 
and effective operators therein. In Sec. IHIl we give the definitions for B — > if ! (1270) and 



TABLE II: The Wilson coefficients Cj(/i) at the scale fi = mb !po ie m the SM. Here Cy = C7 — 3C5 — cq. 



Cl 


C2 


C3 


c 4 


C5 


C6 


r eff 


eg 


ClO 


+1.107 


-0.248 


-0.011 


-0.026 


-0.007 


-0.031 


-0.313 


4.344 


-4.669 



B — > ^(1400) form factors. In Sec. IIV} we formulate the S — > Ki£ + £~ decays and discuss 
determination of the Bk x i n details. In Sec. |Vl we estimate the NP effects in the model- 
independent way. We summarize the main results in Sec. IVII 



II. THE EFFECTIVE HAMILTONIAN 



Neglecting doubly Cabibbo-suppressed contributions, the effective weak Hamiltonian rel- 
evant to b — ► s£ + £~ is given by 

10 

n cS = -A^=v tb v; s y : aWOiOi) , (6) 



-A-^v tb v t ;J2^)o^) 
* i=i 



where the Wilson operators 0j for i = 1, • • • , 10 read [27] 



Oi = (s a 7 M Lc a )(c /3 7 M L6 /3 ), 2 = (s a 7 A1 Lc /3 )(c^7 M L6 Q ), 

5 = (s a 7 M L6 a )^ (? (g /3 7^ J Rg /3 ), 6 = (s b 7a*^ Z),(?/97 M -R?«)> 
7 = ^Xsa^RbF, 



fJ,V) 



On 



167T 2 

ry — n 

,m (£7^)(^L6), O 10 = _™(/ 7 ^(fyL6), 



4tt v /v ' " u 4tt 

with L = (1 - 75 )/2, i? = (l + 7 5 )/2, and a, /3 being the SC/(3) color indices. The b 
decay amplitude is given by 



v/2 



7T 



-2m b cf 



- « W, 

S 



(7) 



(8) 



where = m^/me with = m b {m b ) being the b quark mass in the MS scheme, s = 
q 2 /m 2 B , g M = (p + +P-) /Lt with p± being momenta of the leptons £ ± . To next-to-leading order 



the running MS and pole fe-quark masses are related by 



m b (fi) = m fe>po i e 



a s (n)C t 



4 - 3 In 



in 



b, pole 



+ 0(a 



(9) 



47T \ fl 

where Cp = (AT? — l)/(2iV c ) with N c being the number of colors. In Eq. (jSJ) we have neglected 
0(m s /mb) corrections. Cg ff (s) = Cg + Y(s), where Y(s) = Y pcit (s) + Yld contains both the 
perturbative part Y pcrt (s) and long-distance part 1ld(s). ^(s) pe rt is given by [28] 



g(m c , s)c 
1 



0(1,s)(4c 3 + 4c4 + 3c 5 + cb) - -g(0, s)(c 3 + 3c 4 ) 



+ -(3c 3 + c 4 + 3c 5 + c 6 ), 
y 

with c = ci + 3c 2 + 3c 3 + c 4 + 3c 5 + c 6 , 



(10) 
(11) 



and the function g(x,y) defined in 



. Here c\ - cq are the Wilson coefficients in the 



eading logarithmic approximation. The relevant Wi 



m 



27] . F(s) L D involves B — ► if-i V(cc) resonances 



charmonium states. We follow Refs. |29i, !30:1 and set 



son coefficients are collected in Table [TT] 
[31 ]. where V(cc) are the vector 



29 



30 



Y LD {s) = --^-c K V 

v=i>(is),- 



m v B(V 



tot 



a 



8 - m 2 v + OTiyr^ t 



(12) 



where rj^ t = Y^ ot /iriB and = 2.3. The relevant properties of vector charmonium states 



are summarized in Table IIII1 



III. B -» if! (1270) AND 5 A"i(1400) FORM FACTORS 



The B(p B ) — > Ki(p Kl , A) form factors are defined by 



(ir 1 ( m ,A)|^(l-7 5 )&|5(PB)) 

2 ^)P>^ K1 (S 2 ) 



(m B + m Kl )e£>V^(q 2 ) - (pb+PkM^X) ' Pb)-^^ 



(^(p^, A)|^g"(l + Tb)6|B(pb)> 



(13) 



TABLE III: Masses, total decay widths and branching fractions of dilepton decays of vector char- 
monium states 32]. 



V 



MassfGeVl 



r t y ot[MeV] 



B(V -» £+t 



J/V(1S) 
*(25) 

^(3770) 
*(4040) 
*(4160) 
*(4415) 



3.097 
3.686 

3.772 
4.040 
4.153 
4.421 



0.093 
0.327 

25.2 
80 
103 
62 



5.9 x 10~ 2 
7.4 x 10~ 3 

3.0 x 10~ 3 
9.8 x 10~ 6 

1.1 x 10~ 5 
8.1 x 10~ 6 
9.4 x 10~ 6 



for £ = e, fx 
for £ = e, fi 
for £ = t 
for £ = e 
for £ = e 
for £ = e 
for £ = e 



2T^(q 2 



*U p (T 



S fJ.vpcr£(\)PBPK 1 



n? l {<?) [{< - m 2 Kl )e{ x J - (e£ A) ■ q){p B +p K X] 



m| - m 2 Kl 



(fib +Pb) 



(14) 



where q = p B — Pk 1 , 7s = i7°7 1 7 2 7 3 , e 0123 = —1, and ip = d, s. The form factors satisfy the 
following relations, 



V 3 Kl (0) = V Kl (0), 7^(0) =7^(0), 



ms + m Kx v ^ (q2) _ m B -m Klv ^ iq2) 



2m Kl 



2m 



Because the ifi(1270) and i£i(1400) are the mixing states of the K\a and K XB , the B 
form factors can be parametrized by 

(^(1270)1^(1 - l5 )b\B) \ _ f (K lA \- S1 ,(l - lh )b\B) 

(7^(1400)1^(1 - l 5 )b\B) ) ~ { (K 1B \s ltl (l - l5 )b\B) 
(Z 1 (1270)|^^(l + 75 )6|5}\ _ f (K 1A \sa^(l + ^ 5 )b\B) 
(K^UOO^sa^il + l5 )b\B) ) ' V (Ki B \s^q u (l + ^)b\B) 



(15) 
+ K X 

(16) 
(17) 
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with the mixing matrix M being given in Eq. ([I]). Thus the form factors A Kl ,V^ 2 an d 
T^23 satisfy following relations: 



A K ^ l27 ^/(m B + m Kl{1270) ) \ ( A K ^/(m B + m KlA , 

A K l{ i m/{mB + mKi(?m ) ) ~ M \A K ^/(m B + m Kw ' ' (18) 

(m B + m Kl(1270) )^ l(1270) \ =M f(m B + m KlA )V?" 

(m B + m Kl (uoo) ) Vf 1 (M00) J \ (m B + m KlB ) Vy x " 

yKi (1270) i + m ^ j \ / yKxA I + mK 



V 2 KliU00) /{m B + 771^(1400)) 

T/ Ki(1400) 
jn>Ki (1400)^0 

' j,Jfi(1270) 

j,Jfi(1400) 

|m B - m X l( 1270)) T 2 Xl(1270) \ / ( m B ~ _ 

2 2 xthKi(1400) 1 1 / 2 2 " ' ' 

J 3 





M V , (20) 

M " ° , (21) 



^ (22) 





^(1400) I - M U 3 ^" I" (2!) 



where we have assumed that P^ifmo) Ki(i4oo) — — Pk 1s - For the numerical analysis, we 



use the light-cone sum rule (LCSR) results for the form factors 3, |34| which are exhibited 



in Table IIVI where the momentum dependence is parametrized in the three-parameter form: 

F ^ q ^ = 1 -a(q 2 /m 2 B ) + b(q 2 /m 2 B ) 2 ' ^ 



IV. B -* Kt£+£- DECAYS IN THE SM 

The decay amplitude for B — > K\£ + £~ which is analogous to the B — > K*(892)£ + £~ decay 
is given by 

M = ^^V*V tb m B ■ H) [T^m + 2j*). 2 W] , (26) 

where 

^0,1 = ^(s^^^-iB^^e; 
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TABLE IV: Form factors for B — > K\a, K± b transitions obtained in the LCSR calculation 331. 134 1 
are fitted to the 3-parameter form in Eq. f|25j) . 



F 


F(0) 


a 


b 


F 


F(0) 


a 


b 


yBK 1A 


0.34 ±0.07 


0.635 


0.211 


yBK 1B 


-0.29i°;°« 


0.729 


0.074 


yBK 1A 


0.41 ±0.08 


1.51 


1.18 


VBK 1B 
v 2 


-0-171^ 


0.919 


0.855 


V BK 1A 

A bk ia 


0.22 ±0.04 
0.45 ± 0.09 


2.40 
1.60 


1.78 
0.974 


j/BK 1B 
ABKib 


u - 4O -0.08 

-0 S7 +0 - 10 


1.34 
1.72 


0.690 
0.912 


T BK 1A 

T BK 1A 

1 2 

T BK 1A 


o si+ - 09 

U - 5i -0.05 

n qi+0.09 
u - ol -0.05 

n qo+0.08 

U - z8 -0.05 


2.01 

0.629 

1.36 


1.50 

0.387 

0.720 


T BK 1B 
1 2 

rpBKlB 

1 3 


-0 25+ - 06 

-0 25+ - 06 
u - zo -0.07 

-0.11 ±0.02 


1.59 

0.378 

-1.61 


0.790 

-0.755 

10.2 



+iC K ^ (s) (e* ■ p B )p„ + iV K ' (s) (e* -p B )q^ 
+iG Kl (s)(e* ■ p B )p^ + iH Kl (s)(s* ■ p B )q^ 



A Kl (s) 



S K \s) 



!F Kl (s) 



n Ki {i 



1 + m Kl s 



(l + m Kl 
1 

1 - ™> 2 Kl u 



.off, 



S)V*(s) + ^(l-m Kl )d?Tp($) 



(1 - m Kl )cf(s)V 2 ^(s) + 2m b cf ( T^(s) + l -^k T ^{s, 



cf{s) {{l + m Kl )V^{s) - (l-m Kl )V 2 ^(s)-2m Kl V K "(s)} 
2m b cfT^(s) 



-——c 10 A^(s), 
1 + m Kl 

{l + m Kl )c w V^(s), 
1 + m Kl 

lc 10 [(1 + m Kl )V^{s) - (1 - m Kl )V 2 Kl (s) - 2m Kl V Kl (s)] 



(27) 
(28) 



with p = p/m B , p B = p B /m B , q = q/m B and p = p B + p Kl , <? = Pb - Pk x = P+ +P— Here 
A Kl (s), ■ ■ • , H Kl (s) are defined by 



(29) 
(30) 

j 

(31) 

(32) 
(33) 
(34) 
(35) 

(36) 
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TABLE V: Input parameters 



B meson mass and lifetimes [32] 

m B = 5.279 GeV, t b - = 1.638 x 10~ 12 sec, t b o = 1.530 x 1(T 12 sec 
Axial vector meson masses [ GeV] 

rn Kl (ivro) = 1-272 [32], m Kl(im = 1.403 [32], m KlA = 1.31 [35], m KlB = 1.34 [35] 
CKM matrix elements 

IV^VSI = 0-0407±8;gggg [36] 

b quark mass [ GeV] 
"Ifc.pole = 4.8 ± 0.2 

Gauge couplings and the parameter for the B meson distribution amplitude 
«em = 1/129, a,(ji h ) = 0.3, \£ + = 3 ± 1 GeV" 1 [16] 
K\ decay constants [ MeV] [35] 

fl iA = 250 ± 13, f£ iB [1 GeV] = 190 ± 10 

Gegenbauer moments at the scale 2.2 GeV [35] 

af = 0.241°;°?, a f = -0.84 ± 0.37, of = 0.01 ± 0.15, 
of"*- 1 = 0.251°,;°°, af = -0.02 ± 0.17 



with = m Kl /mB- We choose s = q 2 and u = (jog — p_) 2 — (p s — p + ) 2 as the two 

independent parameters, which are bounded as 4m 2 < s < (1— m^J 2 and —u(s) < u < u(s) , 
with w(s) = a/A (1 — 4m 2 /s), A = 1 + rh 2 Kl + s 2 — 2s — 2m 2 Ki (l + s). We have u = — u(s) cos6>, 
where 6 1 is the angle between the momenta of £ + and the b quark in the center-of-mass frame 
of the lepton pair. We will use the parameters given in Tables IIVI and |V] in the numerical 
analysis. 
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A. Dilepton mass spectrum 



The dilepton invariant mass spectrum of the lepton pair for the B 
riven by 



Ki£ + £ decay is 



ds 

G 2 F a 2 em m% 

2 10 7T 5 

1 



v tb v*\ 



uls) X 



U 



-sA 1 



m,, 



Am 2 Ki 



B 



^ll 2 



A 



uls) 



im 2 Kl (s + 2m|; 



A 



uls) 



im Ki {s 



Am 2 Ki 



2m 2 Ki 



C 1 



A - 



■us 



Re (B Kl C Kl *) ( A 



+ |0 



All 2 



A 



■us 



+ 4m 2 e {2 + 2m 2 Kl - s] 



+ Re(F Kl G Kl *) ( (A 



uls 



2" 



(1 



s) + 4m? A 



_ 2 jM_a [Re (^n Ki *) - Re (g K m Kl *) (1 - 

mf 



A', 



+ ^fs\\<H^\ 2 
mi 



(37) 

^ ""i<r a ) 

The differential decay rates dB{B~ — > K^u + u~)/ds = re- X dT(B — > K± u + u~)/ds are 
plotted in Fig. [U To illustrate the dependence on 0^, we plot the distributions for the 
differential decay rates with 9 Kl = —34°, —45° and —57°, respectively. The effects of 
charmonium resonances become large for the large region with s > 5 GeV 2 . We find that in 
the low s region, where s ~ 2 GeV 2 , the differential decay rate for B — > fC 1 (1400)/i + / u~ with 
6k 1 = —57° is enhanced by about 80% compared with that with 9k 1 = —34°, whereas the 
rates for B — > Ki(1270) u + u~ is not so sensitive to variation of 9k x - One should note that 
the distribution in the low s region is dominated by the 1/s term arising from B — > K\^\ for 
instance, for the B — > Ki(1270) u + u~ decay, it results in the peak at s ~ 4m 2 (or exactly at 
s = 0) and contributes about —30% at around s = 2 GeV 2 for —57° < Qk x < —34°. 

Furthermore, the value of 6k 1 can be well determined from the following ratio of the 
distributions, 

dT{B~ K^(U00)fi + fx-)/ds 



R, 



dT/ds,[i 



dT(B- -> JC[ (1270) n+ii-)/ds' 



(38) 
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FIG. 1: The dilepton invariant mass distributions for differential decay rates dB{B~ — > 
fi + fi~) j 'ds in the SM. The central values of inputs are used. The solid, dotted and dashed 
curves correspond to 6k 1 = —34°, —45°, —57°, respectively. The thick (blue) [thin (red)] curves 
correspond to values with [without] resonant corrections. 




In Fig. [21 we plot the Rdv/ds,^ as a function of s, which is highly insensitive to the resonance 
contributions and form factors. When the magnitude of 8k 1 is increased, this ratio peaks at 
about 8 = 1.5 GeV 2 (for Kl > 40°). 



B. Branching fractions 

In Table IVlj we summarize the predictions for branching fractions corresponding to 6k 1 = 
— (34 ± 13)°. The branching fractions for B — > Kje + e~ and B Kifi + fi~ are close to 



B — > K*(892)e + e~ , B — > K*(892)/j, + fi~ given in [151] . On the other hand, the branching 
fractions for B — > K\t + t~ decays are very small since the allowed phase space is quite 
narrow. In Fig. [3l we plot the non-resonant branching fractions B nT (B~ — > K^£ + £~) as 
functions of 6 Kl . For the range of 6 Kl = -(34 ± 13)°, we obtain B m (B -> i^i(1270)£ + £-) > 
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FIG. 2: The ratio of the decay distributions, Rdr/ds,^ ( see the text), as a function of the dimuon 
invariant mass s. The legends are the same as in Fig. [TJ 



0.2 

=3. 

- 

CC 0.1 



5 10 15 

s[GeV 2 ] 




FIG. 3: Non-resonant branching fractions B nr (B~ — > as functions of 0^. (a) The thick 

solid, thick dashed, thin solid and thin dashed curves correspond to the decays B — ► Xi(1270)e + e _ , 
Ki(1400)e + e~, i^i(1270)/i + /i _ and i-Ci(1400)/x + /^, respectively, (b) The solid and dashed curves 
correspond to B — > K\(1270)t + t~ , B — > i<Ci (1400)t + t~, respectively. The vertical lines indicate 
the allowed range of given in Eq. ([2]) [261 ] . 

30 ft 

o 

x 




0.4 -/ 



t 
CD 

^ 0.2 
CD 





1 1 1 


(b) ; 


- ~~l > - 


i»rl' 





-90 



-60 



-30 



30 



60 



90 



B nr {B -> ^(1400)^-). It should be helpful to define the ratio, 

_ ff nr (E -» ^(1400)^-) 
Anr " £ nr (5 - ^(1270)^") ' 1 J 

We show i2^nx as functions of the Qk x m Fig- HI These ratios sensitively depend on 6 Kl , and 
are smaller than 0.15 for —47° < 8k 1 < —21°. We predict 

d _ n n4 +o.oi+o.n d _ n o+o.oi+o.09 d _ n Q9+0.01+0.07 / 4n \ 

-fl-e.nr — u - u ^-0.01-0.02 > -<V>nr ~~ u - uo -0.01-0.01 ' — u - uz -0.00-0.02) J 
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TABLE VI: Predictions for the non-resonant branching fractions B nT (B — > K\H. + l ). The first 
and second errors come from the uncertainty of the form factors and of the 9x 1 within the allowed 



region 



261 ] . respectively. 



Mode 



B nr x 10 



6 



Mode 



B m x 10' 



6 



B~ - 




(1270)e + e" 


9 7+1.5+0.0 
z - ' -1.2-0.3 


W- 


-> ivT?(1270)e- 1 


"e 


B~ - 


-#r 


(1270)/j + jt _ 


9 O+l. 3+0.0 
z -°-l. 0-0.2 


W- 


■* K^imo)^^- 


B~ - 




(1270)r+r- 


n n«+°- 04 + - 00 
u - uo -0. 03-0.01 


W- 


■* K%(1270)t 




B~ - 




(1400)e + e~ 


n ln +0.03+0.25 
u - iu -0. 03-0.05 


W- 


-> iT?(1400)e 4 




B~ - 


+ Ki 


(1400)/z + m~ 


n nR +0.02+0.18 
u - uu -0. 01-0.02 


W- 


-» X?(1400)/i _ 


V" 


B~ - 




(1400)r+r- 
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FIG. 4: = B m (B -» ( 1 400 )£+ -> #1 (1270)^0 as functions of 9 Kl . The solid, 

dashed and dot-dashed curves correspond to R e . m , -R^,nr and R T ,ta, respectively. The allowed range 
of 8k 1 given in Eq. ([2]) 26J is also shown. 
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where the first and second errors correspond to the uncertainties of the form factors and 
9 Kl , respectively. In Fig. El we will further show that the ratio R^ nT is highly insensitive to 
the NP corrections. 
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C. Forward- backward asymmetry 



The differential forward-backward asymmetry of the B — > K\l + l decay is defined by 

dA-pB 



ds 



MS) du ^ 
duds 



d 2 T 
du— — , 

duds 



(41) 



'0 UULLZ J-u(g) 

which can be written in terms of quantities in Eqs. (!29j) - (l36l) as 
dApB 



ds 



G 2 F a 2 em m% 

2 10 7T 5 



V ts V t t\su(s) 2 {Re (B Kl S Kl *) + Re (A Kl T Kx *) } , (42) 



and, after including the hard spectator correction 16], are given by 
dApB 



ds 



^5 — \Vt s Vtb\ su{s) X Cio 



Re(cf {s))A Kl V^ 



+ %f\A K ^(l -m Kl ) + V^T^(1 + m Kl )} + ^A HS 
si ) s 

where Ahs is the hard spectator correction given by 

A HS = {(l + m K ^V^ + {l-m Kl ){l-s)A K ^ 

x a £ (^)CV^ fsfk_ Z^ ^. 
4vr N c X B}+ m B J KlK ' ±1+v ; ' 



(43) 



(44) 



Here /i and (u) are the transverse decay constant and the twist-2 tensor light-cone 



distribution amplitude of the Ki, respectively 



if i (1270)' JA"i(1400) 



and $ 



if i (1270)' ^ if i (1400) 



related with and $^ iA , $^ iB by [35 1 

/if i (1270) 
. /if i (1400) 



M 



f-L <T,-L 

•< if 1 (1270) If i (1270) 

■>ifi (1400) ^ifi (1400) 



M 



where an d B are expanded as 



6mm 
6mm 



a. 



iflA,-L 




fK 1A a 1A, ~ 

fk 1B 
fk 1A ®K 1A 

K 1B ,±.? 



are 

(45) 
(46) 



l + 3a W^ + a W- (5 ^2_ 1) 



(47) 
(48) 



with clq 1b,1 ~ = 1, u = 1 — u and £ = m — m. The values of /^ 1A , and the Gegenbauer 
moments, af 1 ' , are tabulated in Table IVl 
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In the following, to compare the theoretical predictions with the data, we use the nor 
malized differential forward-backward asymmetry as 

dA-pB dA-p-Q I dT 



ds ds / ds 



(49) 



In Fig. El the normalized differential forward-backward asymmetries gL4fb(-B~ — > 
K^n + ji")/ds versus s are plotted. For B — > Ki(1270) decays, the dependence of 
dAp^/ds on 9^ is negligibly small. For Qk x < —45°, gL4fb(-B — > i^i(1400)/i + /ds almost 
vanishes in the region below the J /if) resonance. We define s^" 1 to be the position of zero of 
the FBA. sjf 1 satisfies 



Re(cf (J*)) _ rn b \ T 2 K ^) T«(s?) \ 



cf HS (^) " h 
which is negative. Here 



c f .HS (S) = c eff + Ahs(£) (51) 

The position of zero appears below the J /if)- resonance region and depends weakly on 9k x , 
especially for B — > i^i(1270)£ + £~ as shown in Fig. [51 We obtain the positions of the zeros 
of forward-backward asymmetries to be 

s x l( i270) = 2 .27+H 4 7-aoi GeV 2 and So Xl(1400) = 2.80+™; 7 ,* GeV 2 , (52) 

where the first and second errors correspond to the uncertainties of the form factors and 
0k 1 {= —(34 ± 13)°), respectively. In the following section, we will show that, as the B — > 
K*(892)£ + £- decay, for the B -> K^VXIfyPf decay the position of the zero of the FBA 
can be a good observable for searching for new-physics effects. 



V. NP EFFECTS 

In this section, we study the NP corrections to the B~ — > K^fx + fx~ decays in the model- 
independent way. As in Ref. [I5J], we parametrize the NP contributions to the Wilson 
coefficients as 

d = cf M + cf p = Rt cf* for Q = C f,c 9 ,c 10 , (53) 
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FIG. 5: Normalized differential forward-backward asymmetries: (a) (IA-fb{B 



(1270) fi+fJ,-)/ds and (b) dA FB (B- -> K^(U00)fj,+ fj,-)/ds. The legends are the same as Fig. HJ 




2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 

s[GeV 2 ] s[GeV 2 ] 



at the scale m&(m&). For simplicity, we assume all Ri are real. The model-independent 
analysis for B — > X s 7 and B — > X s £ + £~ 17|] gives the following constraints, 



0.8 < \R 7 \ < 1.2, l<^ + i4<4. 



(54) 



The possibility of flipped sign of due to the NP contribution in the minimum supersym- 
metric standard model (MSSM) with the minimal flavor violation (MFV) ansatz and with 
large tan/3 has been studied in Ref. [l8]. The twofold constraint was given by 



0.02 < c^ p < 0.12 or 0.59 < < 1.24, 



(55) 



at the weak scale. Further constraints on Cy p have been obtained with 



in Ref. [37| and 



„NP 



-0.039 ± 0.043 U 0.931 ± 0.016 (68% CL) 
-0.104, 0.026] U [0.874, 0.988] (95% CL) 



(56) 
(57) 



„NP 



in Ref. 



0.02 ± 0.047 U 0.958 ± 0.002 (68% CL) 
[-0.039, 0.08] U [0.859, 1.031] (95% CL) 



(58) 
(59) 



The sign of Re(c7 ff ) can also be flipped in supersymmetric models with 
non-minimal flavor violation via gluino-down-squark loops. Furthermore, in general flavor- 
violating supersymmetric models the sign of eg and cio can be nipped. Therefore, in the 
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FIG. 6: i? Mjnr = B m (B K 1 (UOO)iJ, + fj,-)/B m (B -» ^(1270)//+//-) as a function of 
Variations of NP with (i?7, i?g, -Rio) = (r, 1, 1), (l,r, 1), and (1, 1, r) are respectively included, where 
r = 1.0 (solid), 1.2 (dotted), 0.8 (dot-dashed) and —1.0 (dashed). The vertical lines indicate the 



allowed range of 9k 1 given in Eq. ([2]) 
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present paper, we consider i?« = 1.2 (i.e. 20% enhancement for the SM Wilson coefficients 
due to the NP correction), 1.0 (i.e. without the NP correction), 0.8 (i.e. 20% smaller than 
the SM Wilson coefficients) and —1.0 (i.e. the Wilson coefficients are in opposite signs but 
have the same magnitudes compared to the SM results). 

In Fig. [6j the ratio of the non- resonant branching fractions -R^m- = B aT (B — > 
K i(1400) /i + / B nr (B — ► fC 1 (1270)yU + /i _ ), including the NP corrections, as a function of 
the value of Qk x is depicted. We show that -R MjIir is highly insensitive to the NP effect and 
thus is suitable for determining the value of 9 Kl . In Fig. [3, we plot Rdr/ds,^ the ratio of 
the differential decay rates, as a function of the dimuon invariant mass, s, where the NP 
effects are considered. We find that Rdv/ds,^ is insensitive to variation of .Rio, whereas its 
value is increased (decreased) by about 100% (40%) at about s = 1.5 GeV 2 corresponding 
to — —34° (—57°) when R 7 or R 9 equals to —1. 

Taking into account the possible NP corrections, we plot gL4fb(-R~ - ► K\ {1270) fi + [i~)/ds 
as a function of s in Fig. [HJ We do not consider the B~ — > K± (1400) fi + fi~ decay, since its 
branching fraction is relatively small. As shown in Fig. [5] (see also Fig. [HJ, the differential 
forward-backward asymmetry for B — > K\(1270) fi + fi~ and its s^ 1270 "* (if existing) are very 
insensitive to variation of 6k x - For the cases with cf , eg and c±o of SM-like sign, the change 
of the FBA zero owing to variation of NP parameters could be manifest as compared to the 
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FIG. 7: Rdr/ds,tii the ratio of the differential decay rates, as a function of the dimuon invariant 
mass, s. Variations of Rj, Rg and R\o are depicted in (a), (b) and (c) respectively, where the 
remaining Ri are set to their SM values. The thick (blue) and thin (red) curves correspond to 
9k 1 = —34° and —57°, respectively. The solid, dotted, dot-dashed and dashed curves correspond 
to Ri = 1.0, 1.2, 0.8 and —1.0, respectively. 
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hadronic uncertainties. As is well known in the case of B — > fT*(892)£ + £ , for the nipped 

„efl 
7 



sign of cf ff , eg or cio the characteristic features of the FBA change dramatically. Because 



the asymmetry zero exists only for Re(cg ff ) / < (see Eq. ( 150]) ). therefore there is no 
asymmetry zero for (R 7 ,R 9 ) = (±1,=)=1) in the spectrum. Flipping the sign of c w would 
change the sign of the FBA. From the above discussions we can conclude that the position 
of the FBA zero for the B — > f^ 1 (1270)£ 4 "t~ decay is a suitable quantity to constrain the NP 



parameters. Recent measurements for B — > K*(892)£ + £~ decays [8|, [9| seem to favor (i) the 
flipped sign of Cy ff which is denoted by the dashed curves in Fig.E^a), or (ii) the simultaneous 
flip of the sign of c 9 and c w which are denoted by the double-dot dashed curves in Fig. ffl c) . 
However, they disfavor the flipped sign(c 9 Ci ) models. See also the discussion in Ref. [201 ] . 
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FIG. 8: Normalized differential forward-backward asymmetry cIAfb(B~ — ► (1270) ji + fi~)/ds as 
a function of the dimuon invariant mass s. The thick (blue) and thin (red) curves correspond to 
the asymmetries with 6k 1 = —34° and —57°, respectively. In (a), where Rg = Rio = 1.0 (the SM 
result), the solid curves are for Rj = 1.0, the dotted for Rj = 1.2, the dot-dashed for R-j = 0.8 and 
the dashed for Rj = —1.0. In (b), where R-j = R\o = 1.0 (the SM result), and the solid curves are 
for Rg = 1.0, the dotted for Rg = 1.2, the dot-dashed for Rg = 0.8 and the dashed for Rg = —1.0. 
In (c), where Rj = Rg = 1.0 and the solid curves are for R\q = 1.0 (the SM result), the dotted 
for i?io = 1.2, the dot-dashed for R\q = 0.8 and the dashed for R\q = —1.0. The dAp^/ds with 
(i?7, Rg, Rio) = (1.0,-1.0,-1.0), and (—1.0,1.0,-1.0) are denoted by the double-dot dashed and 
long-short dashed curves, respectively, in (c). 
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VI. SUMMARY 



We have studied the rare decays B -> A^+£- with = Ax (1270), A^MOO) and 
I = e, n, t. The strange axial-vector mesons, Ai(1270) and Ai(1400), are the mix- 
tures of the Kia and A 1B , which are the 1 3 P 1 and l x Pi states, respectively. Although 
the branching ratios depend on the magnitudes of B — > K\ form factors, the Ai(1270)- 
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-Ki(1400) mixing angle, 9k 11 can be well determined from the measurement of the ra- 
tio R e = B(B -> K 1 (U00)£ + £-)/B(B -> J^ 1 (1270)£ + £~), which depends very weakly on 
new-physics corrections. We have calculated differential forward-backward asymmetries of 
B — > Kifi + fi~ decays. For B — > i"G(1270)yU + yU~, the asymmetry zero, which depends very 
weakly on 8k 1 , can be dramatically changed due to variation of new-physics parameters. 
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